Introduction
============

Colorectal carcinoma is the third most common type of fatal malignancy in the People's Republic of China and is the second highest cause of cancer-related death worldwide.[@b1-ott-9-6679] It is a multifactorial disease that can be affected by lifestyle, environment, and germinal mutations.[@b2-ott-9-6679],[@b3-ott-9-6679] With the development of chemotherapy and radiation therapy, the incidence and mortality of colorectal carcinoma showed decreasing levels. However, the 5-year survival rate of patients with colorectal carcinoma remains unsatisfactory due to metastasis leading to poor outcomes.[@b4-ott-9-6679],[@b5-ott-9-6679] Recently, attention has been paid on identifying accurately the biological characteristics of tumors to predict the prognosis in patients with colorectal carcinoma. It is well appreciated that Wnt/β-catenin signaling is a critical pathway in the regulation of cell growth and development.[@b6-ott-9-6679],[@b7-ott-9-6679] In animals, the Wnt signal transduction cascade controls a wide variety of biological phenomena and is involved in tissue homeostasis throughout development and into adulthood. At the same time, aberrant Wnt signaling underlies most of the pathological pathways and can significantly affect proliferation and apoptosis in human cancer.[@b8-ott-9-6679] However, effective Wnt inhibitors have not been developed, and even if they did exist, they would not inhibit Wnt signaling in tumors with certain pathway mutations. ZNRF3, a unique transmembrane E3 ubiquitin ligase, suppresses β-catenin signaling initiated by endogenous Wnt proteins, which distinguishes ZNRF3 from other negative regulators of Wnt signaling, such as APC, AXIN, and GSK3 a/b.[@b9-ott-9-6679] The expression and function of ZNRF3 have been examined in gastric adenocarcinoma, and the mechanisms through which it suppresses proliferation and induces apoptosis are well understood.[@b8-ott-9-6679] However, the characteristics of ZNRF3 expression and their association with colorectal carcinoma remain unclear. Here, we aimed to investigate the profile of prognostic survival in patients with colorectal carcinoma. In addition, ZNRF3 expression in colorectal cancer tissues was analyzed by the method of immunoblotting. Furthermore, the effects of ZNRF3 overexpression on proliferation and apoptosis were determined using HCT-116 cell line.

Materials and methods
=====================

Follow-up study
---------------

After obtaining approval from the Ethics Committee of Central South University and written informed consent from the patients, a follow-up study of 168 patients with colorectal carcinoma (males: 100; females: 68, average age: 55.75 years; range: 23--82 years) was performed. The follow-up patients who had undergone curative operations based on the National Comprehensive Cancer Network Practice Guidelines for colon cancer were compared with respect to their disease-free survival (DFS) and overall survival (OS), which were defined as the interval between the initial surgery and clinically or radiologically proven recurrence/metastasis or death, respectively. The follow-up was completed on March 29, 2015, with a median patient follow-up time of 62.5 months (range, 8--77 months). At the last follow-up, 76 patients were still alive, 80 patients died of colorectal carcinoma metastasis, and eight patients died of other diseases. In addition, four patients were lost to follow-up.

Colorectal carcinoma tissue and immunohistochemistry analysis
-------------------------------------------------------------

The colorectal tissue samples were collected from 168 patients who had undergone surgery at the Xiangya Hospital, Central South University, between October 2008 and October 2009, and 168 samples of adjacent normal colorectal tissue were also obtained as controls. All the tissue specimens were divided into two parts; one part was frozen promptly by liquid nitrogen and the other was fixed in 10% (v/v) formalin and embedded in paraffin for immunohistochemistry (IHC) analysis. Paraffin wax-embedded biopsy samples were cut into sections and mounted on 3-aminopropyltriethoxysilane-coated glass slides. For IHC experiments, tissue sections were incubated with primary rabbit antihuman polyclonal antibody ZNRF3 (1:150 dilution, PAB23049; Abnova Corporation, Walnut, CA, USA) overnight at 4°C. Then, sections were washed three times for 5 minutes and incubated with polymer enhancer for 20 minutes. After washing thoroughly with PBS, the sections were incubated with secondary antibody (polymeric HRP-labeled antirabbit immunoglobulin G) for 30 minutes at room temperature and washed three times. Tissue staining was performed with diaminobenzidine. The sections were counterstained with hematoxylin, dehydrated, and mounted in resin.

Plasmids, cell culture, and transfection
----------------------------------------

A plasmid encoding pEGFP-ZNRF3 was purchased from Sigma-Aldrich Co. (St Louis, MO, USA). HCT-116 cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% (v/v) fetal bovine serum in an incubator (Thermo Fisher Scientific, Waltham, MA, USA) with 5% (v/v) humidity under a CO~2~ atmosphere at 37°C. The cells were passaged every 2--3 days. Cells were transfected with 100 nM pEGFP-ZNRF3 or pEGFP-con238 (negative control) using Lipofectamine 2000 (Thermo Fisher Scientific), according to the manufacturer's instructions.

Cell migration and apoptosis assay
----------------------------------

The assay of cell migration and invasion was performed in a 24-well plate with 8 mm pore size chamber inserts. For migration assays, 5×10^4^ cells/well were placed into the upper chamber with the noncoated membrane. For invasion assays, 2×10^5^ cells/well were placed into the upper chamber with the matrigel-coated membrane, which was diluted with serum-free culture medium. Then, the cells were suspended in 250 μL of serum-free DMEM and seeded into the upper chamber, and 750 μL of DMEM supplemented with 10% fetal bovine serum was added. After incubation for 24 hours, the chambers were fixed with methanol and stained with 0.1% crystal violet for 15 minutes. Images were captured with an Olympus BX83 fluorescence microscope.

Cell apoptosis was measured at 72 hours posttransfection by flow cytometry using the Annexin V-FITC Apoptosis Detection kit (88-8007; eBioscience, San Diego, CA, USA), according the manufacturer's instructions. Briefly, HCT-116 cells were digested with 0.25% (w/v) trypsin and resuspended in 195 μL Annexin V-FITC binding buffer at a final concentration of 5×10^4^--1×10^5^ cells. Next, 5 μL Annexin V-FITC was added to 195 μL cell suspension. After a 10-minute incubation at room temperature in the dark, the cell suspension was centrifuged at 1,000× *g* for 5 minutes and then resuspended in 190 μL Annexin V-FITC-binding buffer and 10 μL propidium iodide on ice in the dark. The number of stained cells was assessed using a flow cytometer (FACSCalibur; BD, Franklin Lakes, NJ, USA).

Cell proliferation assay
------------------------

The effect of ZNRF3 on HCT-116 cell proliferation was determined using a cell proliferation assay. Cells were plated at a density of 5,000 cells/well in 96-well plates in the presence of DMEM. CCK-8 assays were performed at 24 hours, 48 hours, 72 hours, and 96 hours posttransfection. Next, 10 μL of the cell proliferation reagent WST-8 was added to each well, and the cells were incubated for 2 hours at 37°C. Viable cell counts were estimated by measuring the optical density at 450 nm, as the amount of dye generated by the dehydrogenase reaction in cells is directly proportional to the number of living cells.

Western blotting analyses of ZNRF3, β-catenin, and TCF-4
--------------------------------------------------------

Total protein was extracted from tissue samples or cultured cells using RIPA lysis buffer supplemented with protease and phosphatase inhibitors. Protein concentration was determined using a Bradford Protein Assay kit (Bio-Rad Laboratories Inc., Hercules, CA, USA). Equal amounts of total protein (30 μg) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (10%), followed by electrophoretic transfer onto nitrocellulose membranes (GE Healthcare UK Ltd, Little Chalfont, UK). The blots were incubated overnight at 4°C with primary antibody, rabbit antihuman polyclonal to ZNRF3-C-terminal, anti-β-catenin rabbit polyclonal antibody (ab6302), and rabbit polyclonal TCF-4 antibody (ab185736) (the proportion of dilution was 1:800, 1:600, and 1:800, respectively; Abcam, Cambridge, UK), followed by polymeric HRP-labeled antirabbit immunoglobulin G (the secondary antibody; Promega Corporation, Fitchburg, WI, USA) for 2 hours at room temperature. The bound antibodies were detected using the SuperSignal Western Blotting Kit (Thermo Fisher Scientific). To provide a quality control, GAPDH antibody (Beyotime Institute of Biotechnology, Haimen, Jiangsu, People's Republic of China) was used as the internal control in each group.

Statistical analysis
--------------------

All statistical analyses were performed using the SPSS 19.0 software program (IBM Corporation, Armonk, NY, USA). The results are presented as the mean ± standard error of the mean. Differences between the two groups were compared using the independent-samples *t*-test, *χ*^2^ test, or Fisher's exact test, as appropriate. The patient survival curve was analyzed using the Kaplan--Meier method with the log-rank test. A Cox proportional hazards model was used to calculate univariate and multivariate hazard ratios for the variables. A *P*-value of \<0.05 was considered statistically significant.

Results
=======

Analysis of ZNRF3 expression
----------------------------

Evaluation of ZNRF3 expression applied a method of stereological cell counts, and the positive result of staining was yellow or brown yellow. The absence of positive cells was indicative of a negative result. Positive cells \<25% indicated a result of weakly positive. Positive cells ranging from 25% to 50% indicated a result of moderately positive. More than 50% of positive cells indicated strong positive expression.[@b10-ott-9-6679]--[@b12-ott-9-6679] As shown in [Figure 1A--D](#f1-ott-9-6679){ref-type="fig"}, the IHC results of colorectal carcinoma tissue showed 134 positive and 34 negative for ZNRF3 expression. Furthermore, ZNRF3-positive tissues were classified as follows: 42 weak positive, 62 moderate positive, and 30 strong positive.

The correlation analysis showed that T stage, N stage, American Joint Committee on Cancer stage, and differentiation were significantly associated with ZNRF3 expression (*P*\<0.05), while age, sex, and tumor location were not significantly associated with ZNRF3 expression (*P*\>0.05; [Table 1](#t1-ott-9-6679){ref-type="table"}). Interestingly, the proportion of ZNRF3 "strong positive" in adjacent normal colorectal tissue was significantly higher compared with colorectal carcinoma tissue (*P*\<0.05; [Table 2](#t2-ott-9-6679){ref-type="table"}). The results of Western blotting analysis further demonstrated the consistence with results of ZNRF3 IHC in adjacent normal colorectal tissues and in colorectal carcinoma tissue that were consistent with that of IHC analysis, as shown in [Figure 2A and B](#f2-ott-9-6679){ref-type="fig"}.

ZNRF3 expression is associated with optimistic prognosis in colorectal carcinoma
--------------------------------------------------------------------------------

To evaluate the prognosis significance of ZNRF3 for distant metastasis, Kaplan--Meier curves with a log-rank test for OS and DFS were generated in the 168 patients who accepted radical colectomy. The results showed that patients with ZNRF3 strong positive or moderate positive tumors showed a higher DFS or OS rate compared with patients with ZNRF3-negative tumors ([Figure 3](#f3-ott-9-6679){ref-type="fig"}; log-rank test, *P*\<0.05). Furthermore, the univariate Cox proportional hazards model showed a significant hazard ratio (HR) of DFS or OS between the ZNRF3 strong positive or moderate positive and ZNRF3-negative groups after surgery (DFS-HR =0.246 or 0.364; OS-HR =0.286 or 0.452, *P*\<0.05; [Table 3](#t3-ott-9-6679){ref-type="table"}). In addition, T staging and N staging were correlated with OS and DFS (*P*\<0.05). The further multivariate Cox proportional hazards model revealed that ZNRF3 expression was an independent prognostic marker for tumor recurrence and overall survival (DFS-HR =0.574; OS-HR =0.581, *P*\<0.05; [Table 4](#t4-ott-9-6679){ref-type="table"}). Generally, patients with ZNRF3 strong positive or moderate positive tumors had an optimistic DFS and OS compared with patients with ZNRF3-negative tumors.

Effects of ZNRF3 overexpression on apoptosis and proliferation in HCT-116 cells
-------------------------------------------------------------------------------

To examine the effect of ZNRF3 overexpression on apop-tosis and proliferation in HCT-116 cells, these cells were transfected with pEGFP-ZNRF3 for 72 hours, and then cells' migration, proliferation, and apoptosis were determined using FACS and the ELx800 analysis (BioTek Instruments, Inc, Winooski, VT, USA). As shown in [Figure 4A--D](#f4-ott-9-6679){ref-type="fig"}, compared with the negative control group, we observed a decrease in cell migration and a significant increase in apoptosis in HCT-116 cells with ZNRF3 overexpression (*P*\<0.05), and we also found that overexpression of ZNRF3 significantly suppressed proliferation and survival of cells in a time-dependent manner ([Figure 4E](#f4-ott-9-6679){ref-type="fig"}). These results indicated that overexpression of ZNRF3 could induce apoptosis and suppress proliferation in HCT-116 cells, further supporting a potential anticancer role for ZNRF3 in colorectal carcinoma ([Table 5](#t5-ott-9-6679){ref-type="table"}).

The expression levels of β-catenin and TCF-4 protein in human colorectal carcinoma
----------------------------------------------------------------------------------

To investigate the effects of ZNRF3 on the Wnt/β-catenin pathway, the expression of β-catenin and TCF-4 proteins was detected in ZNRF3-overexpressed HCT-116 cells. As shown in [Figure 5](#f5-ott-9-6679){ref-type="fig"}, following up transfection with either pEGFP-ZNRF3, an empty pEGFP vector (negative control) or no vector (blank control) in HCT-116 cells, the expression levels of both β-catenin and TCF-4 proteins showed a significant downregulation in ZNRF3-overexpressed HCT-116 cells compared with the negative and blank controls. These results demonstrated a negative regulation role of ZNRF3 protein in the Wnt signaling pathway.

Discussion
==========

E3 ubiquitin ligase ring finger 43 (RNF43), the functional homolog of ZNRF3, is an important member of the E3 ubiquitin ligase family, and it regulates Wnt pathway turnover and activity of many functional proteins.[@b13-ott-9-6679],[@b14-ott-9-6679] Several previous studies have addressed that E3 ubiquitin ligases play an essential role in the regulation of many biological processes and as molecular targets for cancer therapy or biomarkers in carcinogenesis.[@b14-ott-9-6679],[@b15-ott-9-6679] Recently, it was reported that ZNRF3 is involved in human carcinoma and in a variety of cancer-associated pathways, and ZNRF3 has also been reported as a tumor suppressor in gastric and cystic pancreatic tumors.[@b16-ott-9-6679] For the characteristics of ZNRF3 expression and function in colorectal carcinoma, some studies found that the stabilization of ZNRF3 in colorectal carcinoma could inhibit cell proliferation[@b17-ott-9-6679] and ZNRF3 acts as a β-catenin target gene and functions in negative feedback loops via pathway ubiquitination-mediated degradation in cancer-related disease.[@b18-ott-9-6679] However, the ZNRF3 expression regulating proliferation and apoptosis in the context of colorectal carcinoma and its association with the prognosis survival of patients with colorectal carcinoma were unclear.

In this study, we investigated the ZNRF3 expression in colorectal carcinoma and revealed a different expression of ZNRF3 in colorectal carcinoma tissues and a significant correlation between IHC score of ZNRF3 negative, weak, moderate, and strong and the differentiation degree, T stage, and N stage of colorectal carcinoma. Generally results did not show a strong expression of ZNRF3 protein in colorectal carcinoma tissues compared with adjacent normal colorectal tissues. However, the strong expression of ZNRF3 in some colorectal carcinoma tissues showed a significant association with DFS and OS of colorectal carcinoma. Conclusively, analysis of univariate Cox regression showed that cases with strong or moderate expression of ZNRF3 showed an optimistic DFS and OS of colorectal carcinoma compared to negative expression of ZNRF3, and multivariate Cox model also demonstrated ZNRF3 as an independent protection factor for OS and DFS (*P*\<0.05).

In vitro, following transfection with pEGFP-ZNRF3, a decrease in cell migration and proliferation and a significant increase in apoptosis were observed in ZNRF3-overexpressed HCT-116 cells. Furthermore, the decreased protein levels of β-catenin and TCF-4 were observed in ZNRF3-overexpressed HCT-116 cells. β-Catenin/TCF is the main mediator of Wnt pathway, which is activated by binding of one of the 19 different Wnt ligands; following the activation of Wnt pathway, β-catenin phosphorylation and degradation are prevented, allowing it to accumulate in the cytoplasm and then translocate into the nucleus. The translocated β-catenin binds TCF/LEF as a coactivator, leading to transcriptional activation of the target gene, which is linked to the pathogenesis of diseases, such as colon carcinoma and leukemia.[@b19-ott-9-6679]--[@b21-ott-9-6679] The present study suggested that ZNRF3 might function as a tumor suppressor via the suppression of Wnt/β-catenin/TCF pathway in colorectal cancer.

Conclusion
==========

Therefore, we conclude that downregulation of ZNRF3 in colorectal carcinoma tissue is closely correlated with human colorectal carcinoma, and individuals with higher expression of ZNRF3 have longer OS and DFS times, and the possible mechanism is related to a suppression of Wnt/β-catenin/TCF pathway, characteristic as active induction of apoptosis and a suppression of proliferation in colorectal carcinoma tissue. In summary, these results indicate that the higher ZNRF3 expression in colorectal carcinoma may be a novel biomarker of prognostic survival for colorectal carcinoma. Maybe, molecular therapeutic strategies based on ZNRF3 might be promising in the future for patients with colorectal carcinoma.
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![Immunohistochemical analysis of ZNRF3 in colorectal cancer tissue.\
**Notes:** (**A**) The negative expression of ZNRF3 in colorectal cancer tissue (×200). (**B**) The weakly positive expression of ZNRF3 in colorectal cancer tissue (×200). (**C**) The moderately positive expression of ZNRF3 in colorectal cancer tissue (×200). (**D**) The strong positive expression of ZNRF3 in colorectal cancer tissue (×200).](ott-9-6679Fig1){#f1-ott-9-6679}

![Expression of ZNRF3 protein in tissues.\
**Notes:** (**A**) Expression of ZNRF3 protein in CC tissues and AN colorectal tissues. The levels of ZNRF3 protein were relatively lower in CC samples compared with AN colorectal tissues. \^*P*\<0.05 compared with CC. (**B**) Expression of ZNRF3 protein in tissues; negative, weak positive, moderate positive, and strong positive. The results of ZNRF3 expression were consistent with that of immunohistochemical analysis. \**P*\<0.05 compared with negative; ^\#^*P*\<0.01 compared with negative.\
**Abbreviations:** AN, adjacent normal; CC, colorectal carcinoma.](ott-9-6679Fig2){#f2-ott-9-6679}

![Distribution of Kaplan--Meier survival functions of OS and DFS in patients with different ZNRF3 expressions.\
**Abbreviations:** DFS, disease-free survival; OS, overall survival.](ott-9-6679Fig3){#f3-ott-9-6679}

![Effects of ZNRF3 on the proliferation and apoptosis of HCT-116 cells.\
**Notes:** Overexpression of ZNRF3 was achieved by transfecting with a plasmid containing ZNRF3. HCT-116 cells transfected with a negative control plasmid and untreated cells (blank control) were used as controls. (**A**) Representative photomicrographs showing the migration of HCT-116 cells in a transwell migration assay (×200). (**B**) Representative photomicrographs showing migrating cells in a scratch wound assay (0 hour, 24 hours, and 48 hours) (×200). (**C**) Cell apoptosis was evaluated using Annexin V/PI double staining. (**D**) Early and late apoptotic cells were combined and are referred to as Annexin V-positive cells, which were used as the basis to calculate the percentage of cell apoptosis. (**E**) CCK-8 assays were performed to measure cell proliferation and survival at the indicated time points. All values are expressed as the mean ± SD. \**P*\<0.05, compared with the negative control; ^\#^*P*\<0.05, compared with control.\
**Abbreviations:** PI, propidium iodide; NC, negative control.](ott-9-6679Fig4){#f4-ott-9-6679}

![Effects of ZNRF3 on the expression of β-catenin and TCF-4 proteins in HCT-116 cells.\
**Notes:** For the overexpression group, HCT-116 cells were transfected with pEGFP-ZNRF3, and for the NC, cells were transfected with an empty pEGFP plasmid. BC cells were not treated. (**A**) Western blotting analysis revealed a downregulation of β-catenin and TCF-4 protein in HCT-116 cells. The membranes were blotted using β-catenin/TCF-4 and GAPDH antibodies. (**B**--**D**) Results were normalized against the levels of GAPDH and are presented as the relative intensity. \**P*\<0.05 compared with the BC or NC.\
**Abbreviations:** BC, blank control; NC, negative control.](ott-9-6679Fig5){#f5-ott-9-6679}

###### 

Clinicopathological features and ZNRF3 protein expression in colorectal carcinoma tissues

  Clinicopathological parameters   Case number   Expression of ZNRF3, n (%)   *χ*^2^ test, *P*-value                            
  -------------------------------- ------------- ---------------------------- ------------------------ ----------- ------------ -------
  Age (years)                                                                                                                   
   \<65                            136           28 (20.6)                    34 (25.0)                48 (35.3)   26 (19.1)    0.899
   ≥65                             32            6 (18.8)                     8 (25.0)                 14 (43.8)   4 (12.5)     
  Sex                                                                                                                           
   Male                            100           18 (18.0)                    22 (22.0)                40 (40.0)   20 (20.0)    0.708
   Female                          68            16 (23.50)                   20 (29.4)                22 (32.4)   10 (14.70)   
  Tumor location                                                                                                                
   Right                           66            10 (15.2)                    22 (33.3)                26 (39.4)   8 (12.1)     0.328
   Transverse                      62            14 (22.6)                    14 (22.6)                16 (25.8)   18 (29.0)    
   Left                            24            4 (16.7)                     6 (25.0)                 12 (50.0)   2 (8.3)      
   Sigmoid colon                   16            6 (37.5)                     0 (0.0)                  8 (50.0)    2 (12.5)     
  T stage                                                                                                                       
   T1                              50            4 (8.0)                      6 (12.0)                 28 (56.0)   12 (24.0)    0.034
   T2                              58            14 (24.1)                    10 (17.2)                26 (44.8)   8 (13.8)     
   T3                              44            12 (27.3)                    20 (45.5)                4 (9.1)     8 (18.2)     
   T4                              16            4 (25.0)                     6 (37.5)                 4 (25.0)    2 (12.5)     
  N stage                                                                                                                       
   N0                              50            2 (4.0)                      6 (12.0)                 30 (60.0)   12 (24.0)    0.009
   N1                              34            4 (11.80)                    10 (29.4)                14 (41.2)   6 (17.6)     
   N2                              84            28 (33.3)                    26 (31.0)                18 (21.4)   12 (14.3)    
  AJCC stage                                                                                                                    
   I                               44            0 (0.0)                      6 (13.6)                 28 (63.6)   10 (22.7)    0.002
   II                              82            16 (19.5)                    22 (26.8)                26 (31.7)   18 (22.0)    
   III                             42            18 (42.9)                    14 (33.3)                8 (19.0)    2 (4.8)      
  Differentiation                                                                                                               
   High                            48            2 (4.2)                      6 (12.5)                 25 (52.1)   15 (31.2)    0.003
   Moderate                        80            14 (17.5)                    22 (27.5)                31 (38.8)   13 (16.2)    
   Low                             40            18 (45.0)                    14 (35.0)                6 (15.0)    2 (5.0)      

**Abbreviations:** AJCC, American Joint Committee on Cancer; T, depth of invasion; N, lymph node metastasis.

###### 

Immunohistochemical analysis of ZNRF3 protein in colorectal cancer tissue and adjacent normal colorectal tissue

  Samples           Adjacent normal colorectal tissue (n)   Colorectal cancer tissue (n)   *χ*^2^ test, *P*-value
  ----------------- --------------------------------------- ------------------------------ ------------------------
  Number of cases   168                                     168                            \<0.05
  Negative          4                                       34                             
  Weak              7                                       42                             
  Moderate          15                                      62                             
  Strong            142                                     30                             

###### 

Univariate Cox proportional hazards model for DFS and OS

  Variable          DFS     OS                                              
  ----------------- ------- --------------- ------- ------- --------------- -------
  Age (years)                                                               
   \<65             --                              --                      
   ≥65              1.396   0.456--4.275    0.559   1.875   0.613--5.738    0.271
  Sex                                                                       
   Male             --                              --                      
   Female           1.190   0.626--2.262    0.595   0.970   0.508--1.851    0.925
  Tumor location                                                            
   Right            --                              --                      
   Transverse       1.012   0.378--2.709    0.981   1.448   0.540--3.881    0.462
   Left             1.167   0.307--4.441    0.821   1.900   0.498--7.251    0.348
   Sigmoid colon    1.389   0.284--6.790    0.685   2.262   0.462--11.082   0.314
  T staging                                                                 
   T1               --                              --                      
   T2               1.011   0.347--2.949    0.984   1.188   0.406--3.478    0.753
   T3               1.896   0.588--6.112    0.284   1.061   0.335--3.357    0.920
   T4               7.583   0.809--71.046   0.076   8.909   0.949--83.616   0.056
  N staging                                                                 
   N0               --                              --                      
   N1               2.391   0.671--8.514    0.179   2.286   0.628--8.324    0.210
   N2               5.312   1.814--15.556   0.002   4.629   1.576--13.596   0.005
  AJCC stage                                                                
   I                --                              --                      
   II               1.673   0.586--4.772    0.336   1.851   0.624--5.488    0.267
   III              4.622   1.240--17.226   0.023   6.857   1.784--26.360   0.005
  Differentiation                                                           
   High             --                              --                      
   Moderate         2.255   0.799--6.362    0.124   2.429   0.828--7.127    0.106
   Low              5.000   1.354--18.469   0.016   7.286   1.905--27.861   0.004
  ZNRF3 index                                                               
   Negative         --                              --                      
   Weak             0.597   0.365--0.976    0.040   0.642   0.369--1.115    0.116
   Moderate         0.364   0.215--0.616    0.001   0.452   0.256--0.798    0.006
   Strong           0.246   0.121--0.499    0.001   0.286   0.130--0.630    0.002

**Abbreviations:** DFS, disease-free survival; OS, overall survival; CI, confidence interval; HR, hazard ratio; T, depth of invasion; N, lymph node metastasis; AJCC, American Joint Committee on Cancer.

###### 

Multivariate Cox proportional hazards model for OS and DFS

  Variable    DFS     OS                                            
  ----------- ------- -------------- ------- ------- -------------- -------
  ZNRF3       0.574   0.416--0.874   0.027   0.581   0.430--0.916   0.032
  N staging   1.471   0.951--2.274   0.083   1.344   0.849--2.128   0.207
  T staging   1.717   1.021--2.886   0.041   1.608   0.937--2.762   0.086

**Abbreviations:** DFS, disease-free survival; OS, overall survival; CI, confidence interval; HR, hazard ratio; T, depth of invasion; N, lymph node metastasis.

###### 

Analysis of apoptosis, proliferation, and survival in ZNRF3 transfection of HCT-116 cells

  HCT-116 cells assay       Times         CON           NC                                                       OE
  ------------------------- ------------- ------------- -------------------------------------------------------- --------------------------------------------------------
  Annexin V-FITC            72 hours      3.310±0.210   4.840±0.130                                              7.260±0.260[\*](#tfn4-ott-9-6679){ref-type="table-fn"}
  Survival assay of CCK-8   Days 1--3     0.413±0.051   0.379±0.053                                              0.347±0.027
  Day 4                     0.966±0.042   0.908±0.057   0.658±0.047                                              
  Day 5                     1.919±0.168   1.719±0.201   1.210±0.080[\*](#tfn4-ott-9-6679){ref-type="table-fn"}   

**Notes:**

Compared to NC, independent sample *t*-test *P*\<0.05, data presented as mean ± standard deviation.

**Abbreviations:** CON, control; NC, negative control; OE, overexpression.
